An SRV-like virus was isolated from a colony-born Japanese monkey. To identify this SRV-like virus, we designed universal primers at regions that were conserved among the reported SRV sequences in the 59-LTR and the short ORF and we obtained plasmid clones containing the complete gag, prt, pol and env genes. The full-length sequences of the isolate were determined from the plasmids and by direct sequencing. Sequence comparisons and phylogenetic analyses indicated that this SRV-like virus had a sequence identical to the reported 626 bp of SRV-5. In this study, we isolated SRV5/JPN/2005/V1 from a Japanese monkey and characterized the fulllength SRV-5 sequence.
Simian betaretroviruses (SRVs) (formerly known as simian type D retroviruses; SRV/Ds) have been isolated from Asian monkeys of the genus Macaca. SRVs are among the most important infectious agents in macaque colonies because SRVs cause immunodeficiency, anaemia, weight loss, tumours and persistent refractory diarrhoea (Daniel et al., 1984; Giddens et al., 1985; Lerche et al., 1987; Marx et al., 1984) . Five distinct types of SRVs, SRV-1 through SRV-5, have been identified, based on neutralization tests. Furthermore, the complete DNA sequences of SRV-1, -2, -3 and -4, and the partial sequence of SRV-5 have been reported (Li et al., 2000; Power et al., 1986; Sonigo et al., 1986; Thayer et al., 1987; Zao et al., 2010) . The serotype classifications for SRV-1 to SRV-5 have also been well supported by these phylogenetic analyses. Additionally, SRV-T, SRV-6 and SRV-7, have been identified, based on the results of phylogenetic analyses (Hara et al., 2005; Nandi et al., 2000 Nandi et al., , 2006 . SRV-T was reported as a virus strain of SRV-4 based on sequencing analysis (White et al., 2009; Zao et al., 2010) .
Only one SRV virus strain, D2/RHE/OR, has been isolated from a Japanese monkey (Macaca fuscata) at the Washington National Primate Research Center (Giddens et al., 1985) . The D2/RHE/OR and closely related SRV-2 strains (SRV-2B) have also been identified in endemic infections of pig-tail monkeys (M. nemestrina), cynomolgus monkeys (M. fascicularis) and rhesus monkeys (M. mulatta) in the Washington and Oregon National Primate Research Center (Bryant et al., 1986; Grant et al., 1995; Hefti et al., 1983; Marracci et al., 1995 Marracci et al., , 1999 PhilippStaheli et al., 2006; Stromberg et al., 1984) . In the present study, we isolated a novel SRV-5-like virus by culture from a Japanese monkey. We sequenced the complete proviral genome of this isolate and compared it with other known SRVs.
Colony-born Japanese monkeys, J-03-001F1, J-04-067F1, J-07-005F1 and J-07-016F1, were bred and reared at a private monkey facility in Japan. As these animals showed persistent diarrhoea, anaemia and weight loss, the serum and EDTA-treated whole blood samples were sent to our laboratory for diagnosis. No PCR products were amplified from these samples using published primer sets that amplify SRV-1, -2, -3 or -4 (SRV-T) (Fujimoto et al., 2010; Liska et al., 1997) (data not shown). Virus isolation was performed by PBL co-culture with Raji cells (ATCC # CCL-86) in RPMI 1640 medium with 10 % FBS and 1 % penicillin-streptomycin. Typical SRV cytopathic effects were observed after 3 days of cultures of the four monkeys. The SRV-like virus isolated from J-03-001F1 was tentatively named Y001. To exclude monkey genomic DNA and simian endogenous virus (SERV), Y001-infected-Raji cells were co-cultured with human A549 cells (ATCC #CCL-185) and infected A549 cells were cloned by limiting dilution, as reported previously (Wang & Thouless, 1996) . The Y001-infected cloned A549 cells confirmed its ability to produce syncytia in Raji cells. Total genomic DNA from virus-infected Raji cells and cloned virus-infected A549 cells were extracted with MagNA Pure compact (Roche). Expected PCR products were detected from Y001-infected cloned A549 cells using primer sets that amplify the pol gene of SRV-1 to -5 and also SERV from the genomic DNA (Lerche et al., 2001 ) (data not shown). These PCR results indicated that Y001 was an SRV distinct from SRV-1, -2, -3 and -4.
To amplify the Y001 genes and characterize the DNA, we designed a new universal primer set, L2fMluI and S2rNotI, at a region that is conserved among the reported SRVs sequences in the 59-LTR and short open reading frame (sorf) ( Table S1 , available in JGV Online). This universal primer set could amplify SRV-1, -2 and SRV-4 (Tsukuba strain) and was expected to amplify SRV-3 and unknown SRVs, including SERV. The PCR for molecular cloning was performed using PrimeSTAR MAX DNA polymerase (Takara Bio). The amplified proviral DNAs and pSTBlue-1 (Promega) were digested with MluI and NotI. The digested fragments and pSTBlue-1 were purified with Micropure-EZ (Millipore) and the amplified fragments were ligated to the pSTBlue-1 vector. After cloning with the pSTBlue-1 vector, we obtained five sequences (7369 bp) from Y001. The 59-and 39-flanking regions for the fulllength sequence were sequenced directly from PCR products, the 39-flanking region was amplified by Ysorf and Y3LTR, and the 59-flanking region was amplified by Y5LTR and Y5fgag (Table S1 ). Ysorf and Y5fgag were designed based on five plasmid sequences, Y3LTR was based on a partial 59-LTR region in five plasmids and Y5LTR was based on direct sequencing of the complete 39-LTR sequence. We obtained the 8145 bp full-length consensus sequence of Y001, which was constructed from five plasmid sequences and direct sequences of the 59-and 39-LTR. The Y001 nucleotide sequence data have been submitted to the GenBank/EMBL/DDBJ databases under accession number AB611707.
Analyses and multiple alignments of the complete or partial DNA sequences of the gag, pol and env genes were performed with CLUSTAL W (Larkin et al., 2007) in MEGA version 4 (Tamura et al., 2007) , and the phylogenetic trees were constructed using the neighbour-joining method (Saitou & Nei, 1987) . The Y001 genome was characterized by a simple structure consisting of the 59-LTR, the gag, prt, pol, env genes and the 39-LTR. This genomic organization is identical to the other known full-length SRV sequences, SRV-1 through to -4 (Power et al., 1986; Sonigo et al., 1986; Thayer et al., 1987; Zao et al., 2010) . The 59-and 39-LTR sequences were 332 bp in length and both sequences were 100 % identical. The gag gene length was 1983 bp and the putative protein comprised 660 aa residues. The prt gene length was 945 bp including overlaps the gag region by 184 bp and the putative protein comprised 314 aa residues. The pol gene length was 2595 bp, including overlaps with the gag region by 25 bp and the putative protein was 864 aa residues. The env gene length was 1758 bp and the putative protein comprised 585 aa residues.
We targeted the env gene for analysis of genetic diversity of the SRVs in the Japanese monkey colony because the env gene is the most various and also has been used for genetic variability study of SRV-2 (Philipp-Staheli et al., 2006) . The nucleotide and putative amino acid sequences of the complete env genes of the three virus isolates from J-04-067F1, J-07-005F1 and J-07-016F1 were obtained from cultured Raji cells by direct sequencing. These nucleotide sequence data have been submitted to the GenBank/EMBL/ DDBJ databases under accession numbers AB758123 (Y067), AB758124 (Y005) and AB758125 (Y016). The PCRs for direct sequencing were also performed using PrimeSTAR MAX DNA polymerase. For the complete env gene, the primers of ENVforY and uniS1r were designed at the pol gene and sorf, respectively (Table S1 ). The nucleotide and deduced amino acid sequences from three isolates were compared with Y001. In the nucleotide sequence, two nucleotide substitutions were observed in Y067 and Y005, and three nucleotide substitutions were observed in Y016. In the deduced amino acid sequence, no amino acid differences were observed in Y067 and Y005; however, in Y016, His 64 and Gln 135 were changed to Arg and Pro, respectively. This comparison would reveal that while there are slight polymorphism in the four isolates, 3/ 1758 (0.17 %) in nucleotide sequences and 2/585 (0.34 %) in amino acid sequences at the maximum, these SRV isolates are rather genetically stable in the monkey colony.
The consensus sequence from Y001 and the complete env sequences of Y067, Y005 and Y016 were compared with the reported available sequences at the gag, pol and env genes, and phylogenetic trees were reconstructed (Fig. 1) . The GenBank accession numbers of the sequences used in the phylogenetic analysis and sequence comparisons are described in Fig. 1 . To analyse the relationship between the isolates and other known SRVs including other simian retroviruses, simian T-lymphotropic virus 1, simian immunodeficiency virus strain SIVmac239 and macaque simian foamy virus, phylogenetic trees were reconstructed based on the complete gag and env genes (Fig. 1a and b) . A phylogenetic tree based on the complete gag sequences showed that the branch of Y001 was included in the SRV cluster (Fig. 1a) and also a phylogenetic tree based on the complete env sequences showed that the cluster of the four virus isolates was included in the SRV cluster (Fig. 1b) . These results indicate steadily that Y001, Y067, Y005 and Y016 are a SRV and the four virus isolates are the same SRV.
To investigate the relationship of the present virus isolates from Japanese monkeys among SRV-5 through to -7, the phylogenetic trees were reconstructed based on the partial gag (626 bp; based on the published SRV-5 gag-prt sequence) (Fig. 1c) , the partial env (701 bp; based on the published SRV-6) ( Fig. 1d) and the partial pol genes (452 bp; based on the published SRV-7) (Fig. 1e) . A phylogenetic tree based on the partial env genes showed an independent cluster consisted of Y001, Y067, Y005 and Y016 from other SRVs including SRV-6 (Fig. 1d) , and a phylogenetic tree based on the partial pol gene showed an independent branch of Y001 from other SRVs including SRV-7 (Fig. 1e) . On the other hand, Y001 and SRV-5 formed a new independent cluster from other SRVs in a phylogenetic tree based on the partial gag gene (Fig. 1c) . These phylogenetic analyses indicate that Y001, Y067, Y005 and Y016 are the same SRV, and that the present SRV isolated from Japanese monkeys is an SRV-5-like strain or an SRV-5 virus strain.
The homologies of the partial gag gene corresponding to the published SRV-5 gene (626 bp) between Y001 and SRV-5 were 97.1 and 98.6 % for the nucleotide and deduced amino acid sequences, respectively (Table 1) .
Although the homologies between Y001 and SRV-5 were the highest among the comparisons of SRVs in the partial gag gene, the homologies between SRV-1 and SRV-3 were also high; 92.8 and 96.2 % for the nucleotide and deduced amino acid sequences, respectively. The homology differences between the combination of Y001 and SRV-5 as putative intra-species, and the combination of SRV-1 and SRV-3 as inter-species were only 4.3 and 2.4 % for the nucleotide and deduced amino acid sequences, respectively. These equivocal differences may not be sufficient to identify Y001 as an SRV-5 virus strain, because there has been no previous comparison of the intra-species variation of this partial gag region. On the other hand, there were no deletions or insertions between Y001 and SRV-5 in the 626 bp partial gag gene sequence, which is distinct from the other SRVs. In addition, the Y001 plasmid was amplified by SRV-5-specific qPCR at BioReliance Corporation (unpublished data). These results indicate that Y001 must be a virus strain of SRV-5. The Y001 virus strain was named SRV5/JPN/2005/V1 (SRV-5 virus strain from a Japanese monkey in Japan in 2005 variant 1). 
SRV-5 isolated from a Japanese monkey
To our knowledge, this is the first report of SRV-5 infection in Japanese monkeys, but this is the second report of SRV infection in Japanese monkeys since D2/RHE/OR was identified at the Washington National Primate Research Center (Giddens et al., 1985) . It is not clear whether SRV5/ JPN/2005/V1 was naturally infecting Japanese monkeys or was infected from other kinds of monkeys, because both facilities housed other kinds of macaques. In our case, SRV5/ JPN/2005/V1 might have infected Japanese monkeys from rhesus or cynomolgus monkeys, because J-03-001F1 had been housed near to a cage with rhesus and cynomolgus monkeys and J-04-067F1 had also been housed in the same artificial nursing room rearing rhesus and cynomolgus monkeys. Further studies, serological survey of the colony and further full-length sequences of SRV-5s in Japanese monkeys as on going studies, are necessary to determine the original source and to further characterize them.
In conclusion, an SRV-5-like virus strain, SRV5/JPN/2005/ V1, was isolated from a Japanese monkey and the fulllength genome was sequenced. This is the first report of an SRV-5 infection in Japanese monkeys and is also the first report of the complete sequencing of the SRV-5 genome. The universal primer set was designed at highly conserved regions that will be useful in identifying other potential SRVs. The lower half shows the homologies of the partial gag nucleotide sequences; the upper half shows the homologies of the partial gag amino acid sequences. The partial region was based on SRV-5 (AF252389; 626 bp).
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